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A liquid crystalline transfer sheet 10 Includes a liquid 
crystal layer 12 formed on the surface of a substrate 
14, where the surface hardness of the liquid crystal 
layer 12 is higher on the releasing surface 12A side, 
which is on the substrate 14 side, than on the 
adhering surface 12B side, which is on the receiving 
object 16 side. Therefore, the adhesion between the 
adhering surface 128 of the liquid crystal layer 12 
and the receiving object 16 becomes stronger than 
that between the releasing surfacie 12A of the liquid 
crystal layer 12 and the substrate 14. It is thus 
possible to securely transfer the liquid crystal layer 
12 to the receiving object 16 without leaving a part 
of the liquid crystal layer 12 on the substrate 14. 
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LIQUID CRYSTAL TRANSFER BODY AND METHOD OF 
MANUFACTURING THE SAME 



Field of Invention 

The present invention relates to a liquid crystal transfer body capable of transferring a 
5 liquid crystal layer with a polarization effect and other optical effects to a transferred body, 
and more particularly to a liquid crystal transfer body and a method of manufacturing the 
same, capable of releasing the liquid crystal layer formed on a surface of a support body 
from the support body and transferring the liquid crystal layer to the transferred body. 

Background of the Invention 

10 In conventional art, in the liquid crystal transfer body, a release layer or an 

easily-adhesive layer is disposed between a liquid crystal layer and a support body, such 
that the hquid crystal layer is easily released from the support body, and then transferred to 
a transferred body. 

Here, in order to transfer the liquid crystal layer to the transferred body, the liquid 
15 crystal layer must be adhered to the transferred body. For the conventional method, usually 
an adhesive layer is disposed as a medium between the liquid crystal layer and the 
transferred body to which the liquid crystal layer is transferred. Further, in addition to 
predisposing the adhesive layer on a transferring surface (a side adhered to the transferred 
body) side of the hquid crystal layer or a transferred body side, the transferring surface of 
20 the liquid crystal layer is disposed during the process of transferring the liquid crystal layer 
to the transferred body, or the adhesive layer is disposed on the transferred body. 

Further, the liquid crystal layer may be adhered to the transferred body by, for example, 
hot pressing. 

However, as described above, for the liquid crystal transfer body having the release 
25 layer or the easily-adhesive layer disposed between the liquid crystal layer and the support 
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body, the structure becomes complicated because of the multiple layers. Further, the 
materials of the release layer or the easily-adhesive layer are mixed in the liquid crystal 
layer, so during releasing, a part of the material may be adhered to the liquid crystal layer, 
such that the optical characteristics of the liquid crystal layer after being transferred to the 
5 transferred body are deteriorated. 

Moreover, in the above liquid crystal transfer body, the liquid crystal layer is adhered 
to the transferred body by using the adhesive layer as the medium, and the optical 
characteristics of the liquid crystal layer after being transferred to the transferred body are 
deteriorated due to the adhesive layer. The reason of the deterioration of the optical 

10 characteristics under the situation is, for example, an interface reflection occurring on an 
interface between the adhesive layer and the liquid crystal layer and between the adhesive 
layer and the transferred body Further, because of the flowability of the adhesive layer, 
during the process of transferring the liquid crystal layer to an extremely flat transferred 
body, the thickness becomes nonuniform due to the flow of the adhesive layer, and thus the 

15 flatness of the adhered liquid crystal layer is lowered. 

Furthermore, it is difficult to manufacture the adhesive layer to be a thin layer with a 
thickness less than 1 [om. Because of the thickness, chromaticity change, release, and 
discoloration because of heating as described in Japanese Patent Publication Heisei 
8-313729, Japanese Patent Publication Heisei 11-29325, Japanese Patent Publication Heisei 
20 8-75924, and Japanese Patent Publication Heisei 11-151877 etc mostly occur. Particularly, 
as described in Japanese Patent Publication 2000-28827, under a situation that the adhesive 
layer is composed of acrylic resin, it is already known that the discoloration is resulted 
when the temperature is higher than 200°C. 

More particularly, in the above liquid crystal transfer body, even the liquid crystal layer 
25 is adhered to the transferred body by hot pressing, under the situation without the release 
layer, the easily-adhesive layer, and the adhesive layer, after the liquid crystal layer and the 
support body are closely adhered to the transferred body by hot pressing, it is difficult to 
release the liquid crystal layer from the support body. 
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Here, because of the materials of the support body and the transferred body, a 
close-fitting force between the transferred liquid crystal layer and the support body is larger 
than the close-fitting force between the liquid crystal layer and the transferred body. Under 
this situation, after the liquid crystal layer is transferred to the transferred body, it is 
5 difficult to release the liquid crystal layer from the support body. Particularly, under the 
situation that the liquid crystal layer is quite thin, the liquid crystal layer may be broken 
during the release. Further, as described in Japanese Patent Publication Heisei 11-311710, 
other cholesteric liquid crystal layer is hot-pressed on the cholesteric liquid crystal layer, 
but even so, the cholesteric liquid crystal layer is still quite thin. As compared with the 
10 close-fitting force between the cholesteric liquid crystal layers, the close-fitting force 
between the cholesteric liquid crystal layer and the support body is larger, such that it is 
difficult to transfer the cholesteric liquid crystal layer to the transferred body, and the 
cholesteric liquid crystal layer may be broken (be damaged). 

SUMMARY OF THE INVENTION 

15 In view of the above, the present invention is directed to a liquid crystal transfer body 

and a method of manufacturing the same, capable of surely and easily transferring a liquid 
crystal layer to a transferred body under a situation of not damaging the liquid crystal layer 
without using a release layer, an easily-adhesive layer, or an adhesive layer. 

In a first characteristic of the present invention, a liquid crystal transfer body is 
20 provided. The liquid crystal transfer body has a support body, and a liquid crystal layer 
formed on a surface of the support body, adhered to a transferred body through an adhesive 
surface located on an opposite side of the support body, and released from a release surface 
located on the support body side. A surface hardness of the liquid crystal layer near the 
adhesive surface is lower than that of the liquid crystal layer near the release surface. 

25 In the liquid crystal transfer body according to the first characteristic of the present 

invention, the hquid crystal layer is composed of polymerizable liquid crystal molecules, 
and preferably, a residual double bond index of the liquid crystal molecules of the liquid 
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crystal layer near the adhesive surface is higher than that of the liquid crystal molecules of 
the liquid crystal layer near the release surface. Further, in the liquid crystal layer, 
preferably, the residual double bond index of the liquid crystal molecules near the release 
surface is lower than 60% of that of the liquid crystal molecules of the liquid crystal layer 
5 near the adhesive surface. 

In the liquid crystal transfer body according to the first characteristic of the present 
invention, preferably the liquid crystal layer is composed of a plurality of thin liquid crystal 
layers laminated in sequence. Further, each thin liquid crystal layer is composed of 
polymerizable liquid crystal molecules, and preferably, in the plurality of thin liquid crystal 

10 layers, the residual double bond index of the liquid crystal molecules near the adhesive 
surface is higher than that of the liquid crystal molecules of the thin liquid crystal layers 
near the release surface. Further, preferably, the residual double bond index of the liquid 
crystal molecules of the thin liquid crystal layer forming the release surface is lower than 
60% of that of the hquid crystal molecules of the thin liquid crystal layer forming the 

15 adhesive surface. 

In the liquid crystal transfer body according to the first characteristic of the present 
invention, preferably the liquid crystal molecules of the liquid crystal layer are of 
cholesteric phase. Further, preferably the support body is a stretch film. Further, in the 
support body, preferably, an alignment film is formed on a surface of the support body in 
20 contact with the release surface of the liquid crystal layer. 

In a second characteristic of the present invention, a method of manufacturing a liquid 
crystal transfer body is provided. The liquid crystal transfer body includes a support body, 
and a liquid crystal layer formed on a surface of the support body, adhered to a transferred 
body through an adhesive surface located on an opposite side of the support body, and 
25 released from a release surface located on the support body side. The method includes 
forming the liquid crystal layer composed of liquid crystal molecules polymerized by a ray 
irradiation on the surface of the support body, and curing the liquid crystal layer by the ray 
irradiation under an air atmosphere, such that a surface hardness of the liquid crystal layer 
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near the adhesive surface is lower than that of the liquid crystal layer near the release 
surface. 

In the liquid crystal transfer body according to the second characteristic of the present 
invention, preferably, the air atmosphere is an atmosphere with an oxygen concentration 
5 above 0.5%. 

In a third characteristic of the present invention, a method of manufacturing a liquid 
crystal transfer body is provided. The liquid crystal transfer body includes a support body, 
and a liquid crystal layer formed on a surface of the support body, composed of a plurality 
of thin liquid crystal layers, adhered to a transferred body through an adhesive surface 

10 located on an opposite side of the support body, and released from a release surface located 
on the support body side. The includes forming a thin liquid crystal layer composed of 
Uquid crystal molecules polymerized by a ray irradiation on the surface of the support body, 
curing the thin liquid crystal layer by the ray irradiation, forming an additional thin liquid 
crystal layer composed of the liquid crystal molecules polymerized by the ray irradiation on 

15 the surface of the cured thin liquid crystal layer, and curing the additional thin liquid crystal 
layer by the ray irradiation. A desired number of the thin liquid crystal layers are laminated 
in sequence, the procedures of forming and curing the additional thin liquid crystal layer 
are repeated more than once, and a cured state of each thin hquid crystal layer is controlled 
such that in the liquid crystal layer composed of the plurality of thin liquid crystal layers, a 

20 hardness of the thin liquid crystal layer the adhesive surface is lower than that of the liquid 
crystal layer near the release surface. 

In the liquid crystal transfer body according to the third characteristic of the present 
invention, preferably, the cured state of each thin liquid crystal layer is controlled by an 
oxygen concentration in an atmosphere when the ray irradiation is performed on each thin 
25 Uquid crystal layer. Further, preferably, the cured state of each thin liquid crystal layer is 
controlled by an irradiation amount of a ray irradiated on each thin liquid crystal layer. 

In a fourth characteristic of the present invention, a method of manufacturing a liquid 
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crystal transfer body is provided. The liquid crystal transfer body includes a support body, 
and a liquid crystal layer formed on a surface of the support body, composed of a plurality 
of thin liquid crystal layers, adhered to a transferred body through an adhesive surface 
located on an opposite side of the support body, and released from a release surface located 
5 on the support body side. The method includes laminating a desired number of the thin 
Uquid crystal layers composed of liquid crystal molecules polymerized by an ultraviolet 
(UV) irradiation in sequence on the surface of the support body, and curing the thin liquid 
crystal layers by the UV irradiation lamination. In the liquid crystal layer composed of the 
plurality of thin liquid crystal layers, a hardness of the thin liquid crystal layer near the 
10 adhesive surface is lower than that of the liquid crystal layer near the release surface, and a 
cured state of each thin liquid crystal layer is controlled by an amount of a photo initiator 
added into each thin liquid crystal layer. 

According to the present invention, the surface hardness of the Uquid crystal layer near 
the release surface located on the support body side and the surface hardness of the liquid 

15 crystal layer near the adhesive surface located on the transferred body side are adjusted. An 
adhesive force between the adhesive surface of the liquid crystal layer and the transferred 
body is larger than that between the release surface and the support body, so when the 
Hquid crystal layer is closely adhered to the transferred body, the support body may be 
easily released from the liquid crystal layer. Therefore, even without using the release layer, 

20 the easily-adhesive layer, or the adhesive layer, the liquid crystal layer is surely easily 
transferred to the transferred body without damaging the liquid crystal layer to leave a part 
thereof on the support body. 

Further, according to the present invention, the layer composition is quite simple as no 
release layer or easily-adhesive layer is disposed between the liquid crystal layer and the 
25 support body of the liquid crystal transfer body. The materials of the release layer or the 
easily-adhesive layer are mixed in the liquid crystal layer, and thus a part of the material 
will not be adhered to the liquid crystal layer during the release. 

In addition, according to the present invention, no adhesive layer is disposed between 
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the liquid crystal layer of the liquid crystal transfer body and the transferred body as a 
medium, and thus the number of interfaces is reduced, such that the deterioration of the 
optical characteristics of the liquid crystal layer resulting from the interface reflection will 
not occur. The liquid crystal layer is directly adhered to the transferred body, even under 
5 the situation that the transferred body has a high flatness, the flatness may be maintained 
without deteriorating the optical characteristics. Furthermore, problems such as the 
chromaticity change, release, and discoloration because of heating resulting from the 
adhesive layer are avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The present invention will become more fully understood from the detailed description 

given herein below for illustration only, and thus are not limitative of the present invention, 
and wherein: 

FIG. 1 is an enlarged schematic cross-sectional view of a liquid crystal transfer body 
according to a first implementation of the present invention; 

15 FIG. 2 is a schematic cross-sectional view of a method of manufacturing the liquid 

crystal transfer body as shown in FIG. 1; 

FIG. 3 is an enlarged schematic cross-sectional view of a liquid crystal transfer body 
according to a second implementation of the present invention; 

FIG. 4 is a schematic cross-sectional view of the method of manufacturing the liquid 
20 crystal transfer body as shown in FIG. 3; 

FIG. 5 is a schematic cross-sectional view of another method of manufacturing the 
hquid crystal transfer body as shown in FIG. 3; 

FIG. 6 is a curve of logarithmic decrement vs. temperature of a surface of the liquid 
crystal transfer body adhered to the transferred body according to an embodiment of the 
25 present invention; and 
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FIG. 7 is a curve of logarithmic decrement vs. temperature of the surface of the liquid 
crystal transfer body adhered to the transferred body according to a comparison of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

5 Implementations of the present invention are described with reference to the 

accompanying drawings. 

First Implementation 

Firstly, the first implementation of the present invention is described with reference to 
FIGs. 1 and 2. 

10 As shown in FIG. 1, in a liquid crystal transfer body 10 according to the first 

implementation of the present invention, a liquid crystal layer 12 is formed on a surface of 
a support body 14 composed of, for example, a stretch polyethylene terephthalate (PET) 
film. Here, the liquid crystal layer 12 may be adhered to a transferred body 16 through an 
adhesive surface 12B located on an opposite side of the support body 14, and may be 

15 released from a release surface 12A located on the support body 14 side. Further, a surface 
hardness of the liquid crystal layer 12 near the release surface 12A located on the support 
body 14 side is higher than that of the liquid crystal layer 12 near the adhesive surface 12B 
located on the transferred body 16 side. 

The liquid crystal layer 12 is formed by photo-polymerization liquid crystal (for 
20 example , cholesteric liquid crystal) aligned after contacting with the support body 14 

composed of the stretch PET film. As described as follows, by adjusting the curing 
condition, the surface hardness near the release surface 12A side and the surface hardness 
near the adhesive surface 12B side are made to be different as described above. Further, in 
addition to liquid crystal molecules (liquid crystal monomers or liquid crystal oligomers) 
25 polymerized by an UV irradiation and the like, the liquid crystal layer 12 may use polymer 
liquid crystals. 
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Further, the so-called "liquid crystal layer" refers to the film with the liquid crystal 
property (particularly the optical characteristics) part instead of the liquid crystal phase in 
physical meaning. For example, even without the flowability, a cured film with a liquid 
crystal phase (for example, cholesteric phase) molecular arrangement is a liquid crystal 
5 layer described herein. 

Next, referring to FIG. 2, a method of manufacturing the liquid crystal transfer body 10 
as shown in FIG. 1, that is, the method of making the surface hardness of the liquid crystal 
layer 12 near the release surface 12A side different from that of the liquid crystal layer 12 
near the adhesive surface 12B side, is described. Here, for example, the liquid crystal layer 
10 12 is formed by the cholesteric hquid crystal monomers polymerized by the UV irradiation. 

A cholesteric liquid crystal monomer solution with a photo-polymerization initiator is 
prepared, and is coated on the surface of the support body 14 composed of the stretch PET 
film as shown by a numeral 1 1 in FIG. 2(A). A solvent of the solution is removed by drying, 
so as to form an uncured liquid crystal layer 1 1 A as shown in FIG. 2(B). 

15 Next, as shown in FIG. 2(B), under the air atmosphere (with an oxygen concentration 

of approximately 20%), an UV irradiation is performed on the uncured liquid crystal layer 
llA and the support body 14 from the liquid crystal layer llA side, so as to cure the liquid 
crystal layer 1 lA. In this manner, as shown in FIG. 2(C), the liquid crystal transfer body 10 
having the cured liquid crystal layer 12 may be manufactured. 

20 Here, the adhesive surface 12B side of the liquid crystal layer 12 is exposed in the air, 

the UV irradiation restrains the break of a C=C bond of the liquid crystal molecule (such as 
the double bond between carbon atoms in propenyl of the cholesteric liquid crystal 
molecule), and the release surface 12A side is cured without contacting with the oxygen. 

Therefore, the surface hardness of the liquid crystal layer 12 near the adhesive surface 12B 
25 becomes lower than that of the liquid crystal layer 12 near the release surface 12 A. 

Therefore, as shown in FIG 1, when the liquid crystal layer 12 is transferred to the 
transferred body 16, a close-fitting force between the adhesive surface 12B of the liquid 
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crystal layer 12 and the transferred body 16 is larger than the close-fitting force between 
the release surface 12A and the support body 14, the hquid crystal layer 12 is adhered to the 
transferred body 16, and it is easy to release the liquid crystal layer 12 from the support 
body 14. 

5 Here, the surface hardness (surface cure degree) of the liquid crystal layer 12 may be 

determined by a residual double bond index of the liquid crystal molecules near the release 
surface 12A and the adhesive surface 12B. The so-called "liquid crystal molecule" refers to 
unimolecule, oligomer, polymer, and liquid crystal compound with the reactive C=C bond. 

Further, the so-called "residual double bond index" is defined as: 

10 [Spectral intensity absorbed by the C=C bond (near 810 cm"^) in the liquid crystal 

molecule]/[Spectral intensity absorbed by aromatic ring (near 1500 cm"^) in the liquid 
crystal molecule] 

The residual double bond index defined in this manner directly represents the 
proportion of the double bonds (C=C) which are not reacted in the polymerization reaction, 
15 so the reaction ratio (polymerization ratio) is represented by [(1 -(residual double bond 
index))]. 

Further, as described above, the surface hardness of the liquid crystal layer 12 near the 
adhesive surface 12B is lower than that of the liquid crystal layer 12 near the release 
surface 12 A, such that the residual double bond index of the liquid crystal molecules of the 

20 liquid crystal layer 12 near the adhesive surface 12B is higher than that of the liquid crystal 
molecules of the liquid crystal layer 12 near the release surface 12 A. Further, when the 
residual double bond index of the liquid crystal molecules is used for representation, for the 
ratio of the surface hardness of the liquid crystal layer 12 near the release surface 12A and 
that of the liquid crystal layer 12 near the adhesive surface 12B, preferably, the residual 

25 double bond index near the release surface 12A side is lower than 60% of the residual 
double bond index near the adhesive surface 12B side. 
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Further, under the situation of curing the liquid crystal layer 1 1 A by the UV irradiation, 
if the oxygen concentration is too low, the reaction ratio difference between the release 
surface 12 A side of the liquid crystal layer 12 and the adhesive surface 12B side may not be 
generated, so preferably, the oxygen concentration in the air atmosphere is above 0.5%. 

5 Further, it is possible to change the UV to electronic rays for irradiation, but under this 

situation, preferably, the photo-polymerization initiator is not added into the cholesteric 
hquid crystal monomer solution coated on the surface of the support body 14. 

In the liquid crystal transfer body 10 according to the first implementation of the 
present invention, the surface hardness of the liquid crystal layer 12 near the release surface 

10 12A located on the support body 14 side and that of the liquid crystal layer 12 near the 
adhesive surface 12B located on the transferred body 16 side are adjusted, such that the 
adhesive force between the adhesive surface 12B of the liquid crystal layer 12 and the 
transferred body 16 is larger than the adhesive force between the release surface 12A and 
the support body 14. When the liquid crystal layer 12 is surely adhered to the transferred 

15 body 16, it is easily to release the liquid crystal layer 12 from the support body 14. In this 
manner, even without using the release layer, the easily-adhesive layer, or the adhesive 
layer, the liquid crystal layer 12 may be easily transferred to the transferred body 16 
without damaging the liquid crystal layer 12 to leave a part of the liquid crystal component 
of the liquid crystal layer 12 on the support body 14. 

20 Second Implementation 

A liquid crystal transfer body according to the second implementation of the present 
invention is described with reference to FIGs. 3 and 4. The liquid crystal transfer body 
according to the second implementation is approximately the same as that of the first 
implementation, except that the liquid crystal layer according the second implementation of 
25 the present invention is composed of a plurality of thin liquid crystal layers. In the second 
implementation of the present invention, the parts identical to those in the first 
implementation are marked with the same numerals, and the detailed description thereof is 
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omitted. 



As shown in FIG. 3, in a liquid crystal transfer body 20 according to the second 
implementation of the present invention, a liquid crystal layer 22 is formed on a surface of 
a support body 14 composed of, for example, a stretch polyethylene terephthalate (PET) 
5 film, and is composed of two layers (or more than three layers) of thin liquid crystal layers 
24A and 24B laminated in sequence. Here, the liquid crystal layer 22 may be adhered to a 
transferred body 16 through an adhesive surface 22B located on an opposite side of the 
support body 14, and may be released from a release surface 22A located on the support 
body 14 side. Further, in the liquid crystal layer 22, a surface hardness of the thin liquid 

10 crystal layer 24 A near the release surface 22 A located on the support body 14 side is higher 
than that of the liquid crystal layer 24B near the adhesive surface 22B located on the 
transferred body 16 side. Further, the hardness ratio is the same as the situation in the liquid 
crystal layer 12 of the liquid crystal transfer body 10 according to the first implementation. 
When the thin liquid crystal layers 24A and 24B are composed of the polymerizable liquid 

15 crystal molecules, the hardness ratio is determined by the residual double bond index of the 
hquid crystal molecules of each thin liquid crystal layer 24 A and 24B. For example, 
preferably, the residual double bond index of the liquid crystal molecules of the thin liquid 
crystal layer 24A near the release surface 22A side is lower than 60% of the residual double 
bond index of the liquid crystal molecules of the thin liquid crystal layer 24B near the 

20 adhesive surface 212B side. 

Next, referring to FIG. 4, a method of manufacturing the liquid crystal transfer body 20 
as shown in FIG. 3 is described. Here, for example, the liquid crystal layer 22 is formed by 
the cholesteric liquid crystal monomers polymerized by the UV irradiation. 

A cholesteric liquid crystal monomer solution with a photo-polymerization initiator is 
25 prepared, and is coated on the surface of the support body 14 composed of the stretch PET 
film as shown by a numeral 21 A in FIG. 4(A). A solvent of the solution is removed by 
drying, so as to form an uncured thin liquid crystal layer 23 A as shown in FIG 4(B). 
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Next, as shown in FIG. 4(B), under the nitrogen gas atmosphere (with an oxygen 
concentration lower than 0.5%), an UV irradiation is performed on the uncured thin liquid 
crystal layer 23A, so as to cure the thin liquid crystal layer 23A. In this manner, as shown 
in FIG. 4(C), a cured thin liquid crystal layer 24A is formed. 

5 Then, as shown in FIG. 4(D), the cholesteric liquid crystal monomer solution the same 

as the above mentioned is coated on the surface of the cured thin liquid crystal layer 24A as 
represented by a numeral 2 IB, according to the same sequence, so as to form an uncured 
thin liquid crystal layer 23B as shown in FIG 4(E). 

Next, as shown in FIG 4(E), under the air atmosphere (with an oxygen concentration 
10 above 0.5%), the UV irradiation is performed on the uncured thin liquid crystal layer 23B, 
so as to cure the thin liquid crystal layer 23B. In this manner, as shown in FIG. 4(C), a 
cured thin liquid crystal layer 24B is formed. Finally, the liquid crystal transfer body 20 
with the liquid crystal layer 22 composed of the laminated thin liquid crystal layers 24A 
and 24B is thus manufactured. 

15 Further, under the situation of more than three layers, the same procedures are 

repeatedly performed (FIGs. 4(D) to (F)), so as to laminate the desired number of the thin 
Uquid crystal layers in sequence. 

Here, the thin liquid crystal layer 24A is aligned through the alignment force of the 
support body 14 composed of the stretch PET film. On the other hand, the thin liquid 
20 crystal layer 24B is aligned by directly contacting with the thin liquid crystal layer 24A 
cured under the alignment state. 

Further, as the thin liquid crystal layer 24B is cured under the air atmosphere, the cure 
degree thereof is lower than that of the thin liquid crystal layer 24A cured under the 
nitrogen gas atmosphere. That is, in the liquid crystal layer 22, the hardness of the thin 
25 hquid crystal layer 24A forming the release surface 22A releasing from on the support body 
14 is higher than that of the liquid crystal layer 24B forming the adhesive surface 22B 
adhered to the transferred body 16. In this manner, the adhesive force between the thin 
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liquid crystal layer 24B and the transferred body 16 is larger than the adhesive force 
between the thin liquid crystal layer 24 A and the support body 14. 

Further, as described above, the cured states of the thin liquid crystal layers 24A and 
24B may be controlled by the oxygen concentration in the atmosphere when the UV 
5 irradiation is performed on each thin liquid crystal layer 24A, 24B, and may also be 
controlled by an adding amount of the photo-polymerization initiator, an irradiation amount 
of the UV, or a combination thereof 

When the cured states of the thin liquid crystal layers 24A and 24B are controlled by 
the adding amount of the photo-polymerization initiator, as shown in FIG. 5, after the 
10 uncured thin liquid crystal layers 23 A and 23B are pre-laminated in sequence (FIGs. 5(A) 
and (B)), the UV irradiation is performed on the laminated thin liquid crystal layers 23A 
and 23B once, so as to manufacture the liquid crystal transfer body 20 with the liquid 
crystal layer 22 composed of the laminated thin liquid crystal layers 24 A and 24B. 

When the cured states of the thin liquid crystal layers 24A and 24B are controlled by 
15 the oxygen concentration in the atmosphere, the irradiation amount of the UV and the like, 
the UV may be replaced by the electronic rays. Under this situation, the 
photo-polymerization initiator may not be added in the cholesteric liquid crystal monomer 
solution coated on the surface of the support body 14. 

In the liquid crystal transfer body 20 according to the second implementation of the 
20 present invention, the hardness of the thin liquid crystal layer 24A forming the release 
surface 22A located on the support body 14 side and that of the thin liquid crystal layer 24B 
forming the adhesive surface 22B located on the transferred body 16 side in the liquid 
crystal layer 22 are adjusted, such that the adhesive force between the adhesive surface 22B 
of the liquid crystal layer 22 and the transferred body 16 is larger than the adhesive force 
25 between the release surface 22 A and the support body 14. When the liquid crystal layer 22 
composed of the thin liquid crystal layers 24A and 24B is surely adhered to the transferred 
body 16, the liquid crystal layer 22 may be easily released from the support body 14. In this 
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manner, even without using the release layer, the easily-adhesive layer, or the adhesive 
layer, the liquid crystal layer 22 may be easily transferred to the transferred body 16 
without damaging the liquid crystal layer 22. 

Further, in the first and the second implementations, the UV irradiation is performed on 
5 the liquid crystal layer formed on the surface of the support body 14 from the liquid crystal 
layer side, but the present invention is not limited thereto. When the UV passes through the 
support body 14 or little UV is absorbed, the irradiation may be performed by using the 
support body 14 as the medium. Under this situation, adjustments on, such as the thickness 
of the liquid crystal layer, the photo-polymerization initiator, the UV absorption of the 
10 hquid crystal, and the adding of the UV absorbing material when necessary, are performed, 
such that the ratio between the UV irradiation amount of the liquid crystal layer near the 
release surface side and that of the liquid crystal layer near the adhesive surface side is 
10:6. 

Further, in the first and the second implementations, the liquid crystal forming the 
15 liquid crystal layers 12 and 22 uses the cholesteric liquid crystal composed of the 
cholesteric phase liquid crystal molecules. However, the present invention is not limited 
thereto. The chiral nematic liquid crystal, the nematic liquid crystal, or any other liquid 
crystal may be used. Further, the support body 14 is not limited to the stretch film such as 
the stretch PET film, and other film substrates are also available. For example, when no 
20 alignment force exists on the surface of the substrate as the stretch PET film, an alignment 
film should be formed on a surface in contact with the release surfaces 12A and 22A of the 
Uquid crystal layers 12 and 22. 

Further, in the first and the second implementations, for example the liquid crystal 
layer is composed of the liquid crystal molecule (liquid crystal monomer and liquid crystal 
25 ohgomer) polymerized by the UV irradiation. However, the present invention is not limited 
thereto. The liquid crystal layer composed of the polymer liquid crystal is also available. 
Under the situation of manufacturing the liquid crystal transfer body with the liquid crystal 
layer composed of the polymer liquid crystal, firstly, the polymer liquid crystal is coated on 
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the surface of the support body with the alignment force, after drying, the liquid crystal 
layer is formed. Next, a solvent is sprayed on the adhesive surface side of the liquid crystal 
layer, so as to increase the solvent concentration of the surface of the adhesive surface side 
to make it soft. Therefore, the liquid crystal transfer body, in which the surface hardness of 
5 the liquid crystal layer near the adhesive surface is smaller than that of the liquid crystal 
layer near the release surface, is manufactured. 

Embodiments 

(Embodiment 1) 

Firstly, mix the nematic liquid crystal and a chiral agent, so as to prepare a 33% 
10 toluene solution of the cholesteric liquid crystal monomer (cholesteric liquid crystal 
solution) with a molecular spiral structure (cholesteric phase). 

Next, add in the cholesteric liquid crystal solution 5% photo-polymerization initiator, 
for example Irgl84, Irg369, or Irg651 (manufactured by Ciba Specialty Chemicals Group). 

Then, coat the cholesteric liquid crystal solution on the surface of the stretch PET film 
15 serving as the support body and with a thickness of 50 |im by spin coating, and dry within a 
temperature scope fi'om normal temperature (21°C) to 80°C to remove the solvent of the 
solution, so as to form an uncured cholesteric liquid crystal layer with a thickness of 10 [om. 

Under the air atmosphere (with an oxygen concentration of approximately 20%) and a 
temperature under 21°C, a UV irradiation of 20 mJ/cm^ is performed on the cholesteric 
20 hquid crystal layer and the support body fi-om the cholesteric liquid crystal layer side, so as 
to cure the cholesteric liquid crystal layer. In this manner, the liquid crystal transfer body as 
shown in FIG. 1 is manufactured. An ultra-pressure mercury lamp is used as a light source 
of the UV irradiation, and the recorded UV intensity is the value tested by a 365 nm 
receiver. 

25 The liquid crystal transfer body manufactured in this manner is adhered to the glass 
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serving as the transferred body through the adhesive surface located on the opposite side of 
the stretch PET film serving as the support body, and the hot pressing is performed by a 
laminating machine under a laminating condition of a roll temperature of 150°C, a speed of 
0.5 m/min, and a roll pressure of 0.3 MPa. 

5 Then, after being cooled to the normal temperature (21°C) by a heat release, it is easy 

to release the stretch PET film serving as the support body from the cholesteric liquid 
crystal layer, such that the cholesteric liquid crystal layer is surely transferred to the glass 
without damaging the cholesteric liquid crystal layer to leave a part thereof on the stretch 
PET film side. 

10 (Embodiments 2 and 3) 

The embodiments 2 and 3 share the same conditions with the embodiment 1, except 
that the thickness of the cholesteric liquid crystal layer is changed. In the embodiment 2, a 
Uquid crystal transfer body with the cholesteric Uquid crystal layer with a thickness of 1 jam 
is manufactured, and in embodiment 3, a liquid crystal transfer body with the cholesteric 
15 Uquid crystal layer with a thickness of 5 [im is manufactured. 

The liquid crystal transfer body manufactured in this manner and the glass serving as 
the transferred body are hot-pressed according to the same sequence as the embodiment 1, 

so as to transfer the cholesteric liquid crystal layer to the glass. 

(Embodiment 4) 

20 The cholesteric liquid crystal solution the same as that in the embodiment 1 is coated 

on the surface of the stretch PET film the same as that in the embodiment 1, so as to form 

an uncured cholesteric liquid crystal layer. Under a nitrogen gas atmosphere (with an 
oxygen concentration lower than 0.5%) and a temperature under 21°C, a UV irradiation of 
10 mJ/cm^ is performed from the uncured cholesteric liquid crystal layer side, so as to the 
25 cholesteric liquid crystal layer. In this manner, the first liquid crystal layer is formed. 
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Next, on the surface of the cured first thin liquid crystal layer, the same cholesteric 
Uquid crystal layer is formed by direct filming according to the same sequence as the above. 
Under the nitrogen gas atmosphere (with the oxygen concentration lower than 0.5%) and 
the temperature under 21°C, a UV irradiation of 0.4 mJ/cm' is performed from the uncured 
5 cholesteric liquid crystal layer side, so as to cure the cholesteric liquid crystal layer. In this 
manner, the second liquid crystal layer is formed. Finally, the liquid crystal transfer body 
with the cholesteric liquid crystal layer composed of the laminated cured first and second 
thin liquid crystal layers is manufactured. 

Here, the atmospheres when the UV irradiation is performed on the first and the second 
10 thin liquid crystal layers are the same, except that the irradiation amount of the UV on the 
first thin liquid crystal layer is more than 20 times of the irradiation amount of the UV on 

the second thin liquid crystal layer. 

The liquid crystal transfer body manufactured in this manner and the glass are 
hot-pressed under the same laminating condition, and the liquid crystal transfer body is 
15 released from the stretch PET film after being cooled, such that the cholesteric liquid 
crystal layer is transferred to the glass without leaving a part of the first thin liquid crystal 
layer on the stretch PET film and without damaging the first or the second thin liquid 
crystal layer. 

(Embodiment 5) 

20 The cholesteric liquid crystal solution is coated on the glass serving as the transferred 

body, so as to form a cured cholesteric liquid crystal film. Then, each Uquid crystal transfer 
body manufactured according to embodiments 1-4 and the glass with the cholesteric liquid 
crystal film are hot-pressed by the laminating machine in a manner of making the 
cholesteric liquid crystal layer of the liquid crystal transfer body contact with the 

25 cholesteric liquid crystal film of the glass, under a laminating condition of a roll 
temperature of 150°C, a speed of 0.5 m/min, and a roll pressure of 0.3 MPa. 

Then, after being cooled to the normal temperature (21°C) by a heat release, release the 

18 



stretch PET film serving as the support body, in all the liquid crystal transfer bodies the 
stretch PET film is easily released from the cholesteric liquid crystal layer, such that the 
cholesteric liquid crystal layer is surely transferred to the glass with the cholesteric liquid 
crystal film serving as the transferred body. 

5 (Comparison) 

In order to compare with the liquid crystal transfer body manufactured according to the 
embodiment 1, the cholesteric liquid crystal solution the same as that in the embodiment 1 
is coated on the surface of the stretch PET film the same as that in the embodiment 1 , so as 
to form an uncured cholesteric liquid crystal layer. Under a nitrogen gas atmosphere (with 
10 an oxygen concentration lower than 0.5%) and a temperature under 21°C, a UV irradiation 
of 10 mJ/cm^ is performed on the uncured cholesteric liquid crystal layer, so as to cure the 
cholesteric hquid crystal layer. In this manner, the liquid crystal layer as the comparison is 
formed. 

The liquid crystal transfer body manufactured in this manner may not be entirely 
15 transferred to the glass under the laminating condition the same as that in the embodiment 
1. 

Further, Table 1 shows the results of the releasing intensity between the support body 
(stretch PET film) and the cholesteric liquid crystal layer and between the cholesteric liquid 
crystal layer and the glass of the embodiment 1 and the comparison tested at this time. 

20 Table 1 



Cholesteric liquid 
crystal transfer body 


Releasing intensity of 10"^ N/mm 


Between the support body 
and the cholesteric liquid 
crystal layer 


Between the cholesteric liquid 
crystal layer and the glass 


Embodiment 1 


2 


12 


Comparison 


2 


2 
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It may be known from Table 1 that the releasing intensities of the liquid crystal transfer 
body of the comparison between the support body and the cholesteric liquid crystal layer 
and between the cholesteric liquid crystal layer and the glass are the same, but for the liquid 
crystal transfer body of the embodiment, the releasing intensities are different, the releasing 
5 intensity between the cholesteric liquid crystal layer and the glass is larger, that is, the 
cholesteric liquid crystal layer is hard to be released from the glass, and thus can be easily 
transferred to the glass side. 

Table 2 shows tested results of the reaction ratio (polymerization ratio) of the liquid 
crystal molecules near the release surface and near the adhesive surface of the respective 
10 hquid crystal transfer body of the embodiment 1 and the comparison. The reaction ratio is 
proportional to the cure degree of the liquid crystal molecules near the release surface and 
near the adhesive surface of the cholesteric liquid crystal layer. 

Table 2 



Cholesteri 
c liquid crystal 

transfer body 


Embodiment 1 


Comparison 


Transferre 
d side 


Support 

body side 


Transferred 

side 


Support 
body side 


Reaction 
ratio of the 
cholesteric 
liquid crystal 
molecules 


1.6 


2.7 


2.6 


2.6 
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In the test, the reaction ratio of the C=C bond within a scope of 2-3 [im in the thickness 
direction of the tested surface of the cholesteric liquid crystal layer is determined through 
an infrared spectrum. 

The cholesteric liquid crystal molecule has the propenyl, so under the UV irradiation, 
20 the C=C bond breaks for reaction, such that the liquid crystal layer is cured. 
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It may be known from Table 2 that, in the comparison, the reaction ratios 
(polymerization ratios) of the liquid crystal molecules near the release surface and near the 
adhesive surface of the liquid crystal transfer body are almost the same, but in the 
embodiment 1 , the reaction ratio of the liquid crystal molecules near the adhesive surface is 
5 59% of the reaction ratio of the liquid crystal molecules near the release surface. 

Further, FIGs. 6 and 7 respectively show resolution results of the surface states of the 
surface (adhesive surface) of the liquid crystal transfer body adhered to the transferred 
body of the embodiment 1 and the comparison by using a rigid body vibrator tester 
(manufactured by A&D company). 

10 FIGs. 6 and 7 show the relation between a logarithmic decrement and the temperature, 

which is one of the indices of the hardness of the tested surface. The higher logarithmic 
decrement results in the softer surface, and also results in the higher adhesion strength. It 
may be known from FIGs. 6 and 7 that as compared with that of the liquid crystal transfer 
body of the comparison 1 , the close-fitting force between the liquid crystal transfer body of 

15 the embodiment 1 and the transferred body is larger, and residual double bond index of the 
hquid crystal molecules is larger. 

Further, it may be known from the comparison between FIGs. 6 and 7 that, in the liquid 
crystal transfer body of the embodiment 1, the logarithmic decrement at the low 
temperature side is distinctly higher, which represents that even under the low temperature, 

20 and the surface of the cholesteric liquid crystal layer also has the flowing component. The 
flowability within a wide temperature range enables the deformation of the film easily be 
relieved when the cholesteric liquid crystal layer is transferred to the transferred body, so as 
to improve the adhesion strength. Here, the so-called flowing component refers to the 
uncured cholesteric liquid crystal molecules, the monomers, or the oligomers with a smaller 

25 molecular weight. 
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CLAIMS 



What is claimed is: 

1 . A liquid crystal transfer body, comprising: 
a support body; and 

5 a liquid crystal layer, formed on a surface of the support body, adhered to a 

transferred body through an adhesive surface located on an opposite side of the support 
body, and released from a release surface located on the support body side, wherein a 
surface hardness of the liquid crystal layer near the adhesive surface side is lower than that 
of the liquid crystal layer near the release surface side. 

10 2. The liquid crystal transfer body according to claim 1, wherein the hquid crystal 

layer is composed of polymerizable liquid crystal molecules, and a residual double bond 
index of the liquid crystal molecules of the liquid crystal layer near the adhesive surface is 
higher than that of the liquid crystal molecules of the liquid crystal layer near the release 
surface. 

15 3. The liquid crystal transfer body according to claim 2, wherein the residual double 

bond index of the liquid crystal molecules of the liquid crystal layer near the release surface 
is lower than 60% of that of the hquid crystal molecules of the liquid crystal layer near the 
adhesive surface. 

4. The liquid crystal transfer body according to claim 1, wherein the hquid crystal 
20 layer is composed of a plurality of thin liquid crystal layers laminated in sequence. 

5. The liquid crystal transfer body according to claim 4, wherein each thin liquid 
crystal layer is composed of polymerizable liquid crystal molecules, and in the plurality of 
thin liquid crystal layers, a residual double bond index of the liquid crystal molecules in the 
thin liquid crystal layer near the adhesive surface is higher than that of the liquid crystal 

25 molecules of the thin liquid crystal layer near the release surface. 

22 



6. The liquid crystal transfer body according to claim 5, wherein the residual double 
bond index of the liquid crystal molecules of the thin liquid crystal layer forming the 
release surface is lower than 60% of that of the liquid crystal molecules of the thin liquid 
crystal layer forming the adhesive surface. 

5 7. The liquid crystal transfer body according to any one of claims 1 to 6, wherein the 

liquid crystal molecules of the liquid crystal layer are of cholesteric phase. 

8. The liquid crystal transfer body according to any one of claims 1 to 6, wherein the 
support body is a stretch film. 

9. The liquid crystal transfer body according to any one of claims 1 to 6, wherein an 
10 alignment film is formed on a surface of the support body in contact with the release 

surface of the liquid crystal layer. 

10. A method of manufacturing a liquid crystal transfer body, wherein the liquid 
crystal transfer body comprises a support body, and a liquid crystal layer formed on a 
surface of the support body, adhered to a transferred body through an adhesive surface 

15 located on an opposite side of the support body, and released from a release surface located 
on the support body side, the method comprising: 

forming the liquid crystal layer composed of liquid crystal molecules polymerized by 
a ray irradiation on the surface of the support body; and 

curing the liquid crystal layer by the ray irradiation under an air atmosphere, such that 
20 a surface hardness of the liquid crystal layer near the adhesive surface is lower than that of 
the liquid crystal layer near the release surface. 

1 1 . The method of manufacturing a liquid crystal transfer body according to claim 10, 
wherein the air atmosphere is an atmosphere with an oxygen concentration above 0.5%. 

12. A method of manufacturing a liquid crystal transfer body, wherein t the liquid 
25 crystal transfer body comprises a support body, and a liquid crystal layer formed on a 
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surface of the support body, composed of a plurality of thin liquid crystal layers, adhered to 
a transferred body through an adhesive surface located on an opposite side of the support 
body, and released from a release surface located on the support body side, the method 
comprising: 

5 forming a thin liquid crystal layer composed of liquid crystal molecules polymerized 

by a ray irradiation on the surface of the support body; 

curing the thin liquid crystal layer by the ray irradiation; 

forming an additional thin liquid crystal layer composed of the liquid crystal 
molecules polymerized by the ray irradiation on the surface of the cured thin liquid crystal 
10 layer; 

curing the additional thin liquid crystal layer by the ray irradiation, wherein a desired 
number of the thin liquid crystal layers are laminated in sequence, the procedures of 
forming and curing the additional thin liquid crystal layer are repeated more than once, and 
a cured state of each thin liquid crystal layer is controlled, such that in the liquid crystal 
15 layer composed of the plurality of thin liquid crystal layers, a hardness of the thin liquid 
crystal layer near the adhesive surface is lower than that of the liquid crystal layer near the 
release surface. 

13. The method of manufacturing a liquid crystal transfer body according to claim 12, 
wherein the cured state of each thin liquid crystal layer is controlled by an oxygen 

20 concentration in an atmosphere when the ray irradiation is performed on each thin liquid 
crystal layer. 

14. The method of manufacturing a liquid crystal transfer body according to claim 12, 
wherein the cured state of each thin liquid crystal layer is controlled by an irradiation 
amount of the ray irradiated on each thin liquid crystal layer. 

25 15. A method of manufacturing a liquid crystal transfer body, wherein the liquid 
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crystal transfer body comprises a support body, and a liquid crystal layer formed on a 
surface of the support body, composed of a plurality of thin liquid crystal layers, adhered to 
a transferred body through an adhesive surface located on an opposite side of the support 
body, and released from a release surface located on the support body side, the method 
comprising: 

laminating a desired number of the thin liquid crystal layers composed of liquid 
crystal molecules polymerized by an ultraviolet (UV) irradiation in sequence on the surface 
of the support body; 

curing the laminated thin liquid crystal layers by the UV irradiation lamination, 
wherein in the liquid crystal layer composed of the plurality of thin liquid crystal layers, a 
hardness of the thin liquid crystal layer near the adhesive surface is lower than that of the 
Uquid crystal layer near the release surface, and a cured state of each thin liquid crystal 
layer is controlled by an amount of a photo initiator added into each thin liquid crystal 
layer. 
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ABSTRACT OF THE DISCLOSURE 



A liquid crystal transfer body 10 includes a liquid crystal layer 12 formed on a surface 
of a support body 14. A surface hardness of the liquid crystal layer 12 at a release surface 
12A located on the support body 14 side is higher than that of the liquid crystal layer 12 at 
5 an adhesive surface 12B located on a transferred body 16 side. Therefore, an adhesive force 
between the adhesive surface 12B of the liquid crystal layer 12 and the transferred body 16 
is larger than a close-fitting force between the release surface 12A and the support body 14, 
such that the liquid crystal layer 12 is surely transferred to the transferred body 16 without 
leaving a part thereof on the support body 14. 
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30 S i^%y^^^M:2Ak. 24B>&^.^/f^^6^r>^^q>&22 6t';^^«.^a.^J>J*L20. 

J-^m 4(D) ~ (F)), ^^4LM:^.Af^^-^i^M:^^^i^n-'^^^M:. 
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01805724. 1 



n m ^ ^9/1451 



24A 

X^, ^i^^>^a««>i: 24B ^^^^^^TSI-f^^^, ^^^^^M. 
5 T^^^6^r^>^B%>& 24A, ^>^B^«>& 24B6^SI>ttS>^>f]^. Pp, >^^>&22t» 
^;3l>y^iL#>J*^ 14 l&J IS— ^Wd^rl&J ^ m 22A 6^^>^^>g- 24A ¥jm,J^^iti^ 
J^^^XM^ 16 3^^— >0l'm*fe^a7 22B #^^>g.B^«>g 24B 6^^JL^, ^ 
J*, ^>^B^«>& 24B -^^XM^^ 16 6^*fe^;^J^Hs^>^^q>g: 24A ^iL#'f*^ 
14 6^r*fe^;^7;*Lo 

10 :ftaJi^>^ii., ^>^^g>i:24A, lAB^m^^^^^r^J^^^t^l-^ 

m,M^^>^^nM: 24A. 24B Ht6^^^tfUj5^>^6^^>f^45^4^^J, jtb^h, i£ 

>^t.^ife.|^^51jSt*J6^;&a>^l:i^4t#J^>^^«>g 24A. 24B 
15 Bt, tfcig 5P)f-^. ^gib^i^SI^^6^^^^>^H%^ 23A. 2 3B >fji;?#L>g:j^.;^ 
(® 5(A). (B)), m t^Y^m^M^M:^^^ ^ 23A. 23B— /fc., 

^■sTi-:^^]^^^^ Sl^f^iT 6^^>^8^s>i: 24A,24B M:^.m^M^^nM: 22 
6^>^^'fciJ.*'J'(*^20. 

20 2AA. 24B^m^^^H. ^^i^J^^m ^ 

-kp^m^^&.m^f^ 2 20 at, -t^^ 

>^^q>i- 22 t^^iL#>f*^ 14 — ^Wd^^&J^^ 22A d^r^>^^>gr 24A 6^>Sl>fe 
25 ^^^^XM^^ 16 — #l6^3N;^a7 22B 6^^>&8««>& 24B ^#>^ 
22 6^*fc^^ 22B -^#:J_^J>^*L 16 HS^J ^ ^ 22A-%jt##^ 

14 6^*!?'^;^;*^, ^^>&^>g- 24A. 24"^ ^i^^y^^nM: 22 ^^^^ 

X^\^ 16 ^^6^1^ Hi, ^^"^^^f^'^^nM, 22 ;feiL##^ 14 ^J^> ^jtb, 

30 22 JL^^ifc^>^B%>ir 22 X^Jfj4*.a»#J'**^ 16 Ji. 
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01805724. 1 



n m mio/im 



.ird^l&J^^— #J6^^^h^m#*^ 10: 6 m^Mj^^^ 

5 

10 >^jtbi^^, :itn4i# PET M^#^^#^^>5L;t#ti^;^6^ 

J^^, ;ir'>i:^>^^>^B^«>g: 12. 22 d^l&J^O? 12A. 22A ^ Ji^^ 

(m^^^'i 1) 

Irgl84. Irg369 iJ, Irg651(*J>ACiba #5BK>tt:.#^>'>^ ^Jit) . 
;^>^^ 50^m PETM^^^, J^ALt^^ (21V) ^OV^S^Afl 

^^^K^i^^J^^ 20%)?f»»'^>S. 21X:T, >^ 20mJ/cm' 6<r^^h 
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01805724. 1 



n m mii/i^n 



^iiL^M^^i^^n'\±M^M^. iti±#i^^iL##^6^r4i# pet m^j^ 

150TC, i4>^ 0. 5m/min, i^M 0. 3UPsi ^M:B^^^T ^ M:J^^^^B., 

jL^^^-'i^ PET mt^^^^mmmM^^^^M:^mM , ^^mmmms^ 
10 #PETj^— #j, ^^m.m^-n>^^nM:^'^^^m. 

im^'^i 2. 3) 

15 XM^, ^^^'] 3 ^J>ft6^^^^>f->^ 5|Lim ^m-m^^^i^^nM:^i0.^nX 

20 (^:5fe>e^<I 4) 

##PETJ^^^a^Ji, ^^^gI>ft.6^^S|g|^>^B^g>&, 

25 ^M:, 

iS.>^21lCT, >y^^lII'f4l.6^^EIS|^>^^g>gr— 0. 4mJ/cm' d^f-^h 
30 |L>^, ^J#^;|-^SI>ftT6^#; 1 2 ^^;^^nM:M:^>MjJ^^hs.mmn 
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01805724. 1 



n m mi2/i45i 



5 ^ 1 ^>&^>&>S:;r^^^^>^## PET ieiJi. :^ 1 2 ^>^^«>grHfe, 

i^^^^l 5) 

>fjt >^ 'ti Jl#J ^ 6^ ^ SI ^ ^ a«« ^l^*-] SI If ^ 

JSi^^f^^^. -TWi^ ISOX:, 2l>^ 0. 5m/min. 0. 3MPa 6^r>&>S.-^ 

15 j^;^, ^^(^>^4p$^]t'^(2ix:)^^, 4e. PET i^fij ^ , 

20 (^t^W 

6^I^#BS-S16|M>^a«9^>&-/^^.j?t-^^;5fe'^.J 1 |^#^#.# PET ^^^^ 

Ji, ^i^^S|>ttl6^jJiaSI2fM>^B^«>i:, ^^^^(fLi?JtJLO. 5%jaT)> >a 

^ii#^j#^>^^'i±^^i>i^>^^^^^ii 1 n^^^i^^^yXM 
PET m)-^mmMs^^nJ^i^y:JL;sLmmmMi^^nM-^^i^^m^ 

30 $$>g.6^^^. 
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01805724. 1 



n m mi3/im 



1 





M%^^ 10"'N/mm 






I^^M 1 


2 


12 




2 


2 



^ 2 





^;5fe^!l 1 
















— #1 




— >W 


— #1 




1. 6 


2. 7 


2. 6 


2. 6 













20 % . 
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01805724. 1 



u m ^ mi4/un 



tbi^S 6 7 -g-^, ^^^^^ 1 6*f>&8^«'fetJ.^J><*^t, 'f^ 
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01805724. 1 



0^ =^ m 
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01805724. 1 



u m m m m2/in 




(D) 



(E) 



(F) 



3^21 B 
24A 
4 




Z3 — 24B 
24A 



^^14 



22 



22A 



H 4 
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u m ^ m m ms/^M 



^23A 
4 



(B) 



(C) 



(D) 




7 



I I I 



23B 
23A 




24B 



24A 



22 



22A 



HI 5 
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iit m ^ m m m^/^in 
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